Leishmania aethiopica is the main causative species for cutaneous leishmaniasis (CL) in Ethiopia. Despite its considerable burden, L. aethiopica has been one of the most neglected Leishmania species. In this review, published evidence on L. aethiopica history, geography, vector, reservoir, epidemiology, parasitology, and immunology is discussed and knowledge gaps are outlined. L. aethiopica endemic regions are limited to the highland areas, although nationwide studies on CL prevalence are lacking. Phlebotomus pedifer and P. longipes are the sandfly vectors and hyraxes are considered to be the main reservoir, but the role of other sandfly species and other potential reservoirs requires further investigation. Where and how transmission occurs exactly are also still unknown. Most CL patients in Ethiopia are children and young adults. Lesions are most commonly on the face, in contrast to CL caused by other Leishmania species which may more frequently affect other body parts. CL lesions caused by L. aethiopica seem atypical and more severe in their presentation as compared to other Leishmania species. Mucocutaneous leishmaniasis and diffuse cutaneous leishmaniasis are relatively common, and healing of lesions caused by L. aethiopica seems to take longer than that of other species. A thorough documentation of the natural evolution of L. aethiopica as well as in depth studies into the immunological and parasitological characteristics that underpin the atypical and severe clinical presentation are needed. Better understanding of CL caused by this parasite species will contribute to interventions related to transmission, prevention, and treatment.
Introduction
Cutaneous leishmaniasis (CL) is a skin disease caused by the bite of sandflies infected with the Leishmania parasite [1] . New World CL in South and Central America is caused by a broad range of species. Old World CL is found across a wide geographical area, ranging from subSaharan Africa and the Mediterranean to the Middle East and Central and South Asia, where Leishmania major and L. tropica are the main causative pathogens [1] . Worldwide, 70-75% of the CL burden is carried by ten countries: Afghanistan, Iran, Syria, Algeria, North Sudan, Colombia, Brazil, Costa Rica, Peru and Ethiopia [2] .
Leishmania aethiopica is the main causative species for CL in Ethiopia, although sporadically, cases of L. tropica and L. major have been reported. It is almost solely confined to Ethiopia, with an additional pocket in the highlands of Kenya [3] . CL caused by L. aethiopica has a number of interesting features, including a unique vector, reservoir, and a pleiotropic clinical presentation. Its yearly burden is estimated at around 20-50,000 cases per year in Ethiopia [2] . Despite the substantial amount of cases, L. aethiopica has been one of the most neglected Leishmania species. Nevertheless, a range of studies have been conducted over the past 50 years, providing some insights into this intriguing parasite. At the same time, huge knowledge gaps remain.
History
The first reported CL cases in Ethiopia dating back to the early 20th century were Italian soldiers who suffered from oriental sore [4, 5] . In the 1960's, severe cases of CL initially misdiagnosed as lepromatous leprosy were described in the areas surrounding Dessie (North-East Ethiopia) and Dembidollo (South-West Ethiopia) [6] [7] [8] . Those were later classified as diffuse cutaneous leishmaniasis (DCL). Soon it became apparent that CL is an endemic disease in Ethiopia [8] , exemplified by the fact that it has a vernacular name in different regions and languages [9] [10] [11] [12] . Field studies were undertaken in areas near known CL foci in the late 1960's [9] , often combining community surveys with studies aimed at identifying the vector and reservoir [11, 13] . A separate specific status was awarded to Ethiopian CL in 1973 by Bray, who described the parasite as Leishmania aethiopica, Phlebotomus longipes and P. pedifer as its sandfly vectors, hyraxes as reservoir hosts, and a geographical spread limited to the highlands of Ethiopia and the slopes of Mount Elgon, Kenya [3] .
The next decades publications were few, limited to case reports on specific clinical presentations of CL seen in the Addis Ababa Leprosy hospital [14, 15] , including the first mention of cases of mucocutaneous leishmaniasis (MCL) in Ethiopia [14] . Later, research centers treating and reporting on large groups of CL patients were established both in Addis Ababa (All Africa Leprosy Rehabilitation and Training center (ALERT) and Addis Ababa University) and in Mekele in the North (Italian Dermatological center (IDC)). In 2005, an outbreak of skin lesions was reported in Silti, 150 km south of Addis Ababa. The skin disease was called 'recent lesion' in the local language, and since no CL cases had been reported here before, this suggests that CL is spreading and establishing new endemic sites [16] . Different aspects of the studies mentioned are described in more detail below.
Geography
Ethiopia is located in the horn of Africa and has a high central plateau that ranges from 1200 to 3000 m. This plateau covers most of the country, with lowland areas mainly in the border regions. The climate is highly influenced by this altitude, as it is significantly cooler than other regions close to the equator.
It was estimated that almost 30 million people are at risk for CL in Ethiopia, affecting especially those living in the highlands, while CL does not occur in the lowland areas [3, 17] . A large Ethiopian mapping study showed that areas with steep slopes (N7·5 degrees), high altitudes (between 2645 and 3563 m) and heavy rainfall were predictive for the occurrence of CL [17] . Areas in Ethiopia at high or very high risk are located along the mountain ridges spanning from the north to the south west, and along the mountain ridge ranging from the south to the north east. The two mountain ranges are separated by the Ethiopian rift valley, which has a lower altitude and risk of CL.
Traditionally, CL in Ethiopia is reported to occur between 1600 and 2650 m elevation [3] , which is also confirmed by more recent studies (Table 1) . However, it seems CL is spreading to new areas as shown by the CL outbreak in Silti where CL was not reported previously [16] . Reasons may be related to spread of the reservoir or vector into new areas, possibly associated with ecological changes such as deforestation.
The only area besides Ethiopia where L. aethiopica has been described in detail is the eastern slopes of Mount Elgon in Kenya [18] . This is a volcano on the border of Kenya and Uganda, and rises from the surrounding plateau which is at an altitude of 1700-2000 m. The area is characterized by a temperate climate with numerous caves and is dominated by steep escarpment cliffs on the southern slopes.
There is one report of a Sudanese patient with clinical visceral leishmaniasis (VL), who was found to have a lymph node aspirate positive for both L. donovani and L. aethiopica, even though clinically he did not appear to have symptoms of CL [19] . In-depth clinical information including a travel history is not reported. In addition, the article lacks a documented validation of the species identification method, and since both the clinical presentation, diagnostic method used, and the geographical location are remarkable, this report should be interpreted with caution.
To our knowledge, no CL has been reported on the Ugandan side of Mount Elgon, and CL due to L. aethiopica has not been reported in other areas of Kenya. Perhaps only steep cliffs in high altitude areaslike on the Kenyan side of mount Elgon-are conducive to L. aethiopica transmission. Nevertheless, CL could also remain underdiagnosed and the distribution of L aethiopica could be wider than currently thought, occurring in other highland areas across the rift valley region.
Vector and Reservoir
The first extensive sandfly studies were carried out in Ethiopia in the late 1960's, and identified P. longipes [11] and P. pedifer [13] as vectors for L. aethiopica. In Ethiopia, P. pedifer and P. longipes have only been found in high altitude areas [13, [20] [21] [22] [23] [24] , granted that systematic Phlebotomine searches are lacking. A recent study collected sandflies from seven different locations in north-west Ethiopia. Presence of P. longipes by light trap collection was significantly and positively associated with altitude, and was found only in the two sites above 2000 m altitude, while P. pedifer was not found at all [25] .
Although P. longipes and P. pedifer are not known to transmit other Leishmania species, they were found in a wide variety of places in Ethiopia including indoors [13, [20] [21] [22] . They seem to have a preference for places that are relatively cool, with high humidity, shady/dark, without smoke, and protected from wind [22] . Caves and cliffs are common places where sandflies were found [13, 23, 26] . One Ethiopian study noted that CL cases were found closer to gorges, which were often visited by children and young adults for recreation and fetching water during the daytime, as well as churchgoers spending many hours engaged in ceremonies [20] . Having a gorge close by [16, 21] , the presence of cracks or holes in the wall [21] , having an animal burrow, farm or dung near the home [21] , and the presence of Adhatoda schimperiana shrubs [16] were significantly associated with CL. In Kenya, both P. longipes and P. pedifer have been found mainly in caves [23, 24] , although infection with Leishmania was not demonstrated.
P. longipes is active throughout the night, although it was also found to bite in the day during warm, overcast weather [13] . P. longipes was capable of flying up to 240 m per night in search of a bloodmeal [22] , potentially putting any person residing close to a resting site at risk of getting bitten. However, more detailed and systematic studies generating information on vector behavior including resting sites and feeding habits are needed.
A large study in the Awash valley in southern Ethiopia showed that other sandfly species could also carry Leishmania promastigotes associated with CL, with one L. aethiopica infection identified in P. sergenti [27] and L. tropica infections found in P. sergenti and P. saevus [27] . Several years later, the first Ethiopian CL case due to L. tropica was reported in the Awash valley [28] . Interestingly, this region is at an altitude of around 1000 m, which is much lower than where most CL cases as well as P. pedifer and P. longipes have been found. P. sergenti, which is well known for spreading L. tropica in many countries including Spain, has been reported from several regions in Ethiopia, ranging from 1230 to 1590 m altitude [29] . The role of P. sergenti in the spread of CL to lower altitude areas both by L. tropica and L. aethiopica needs more evaluation.
Transmission of CL due to L. aethiopica is considered to be zoonotic. Both the Procavia capensis and Heterohyrax brucei (rock hyraxes) -which mostly reside in rocky cliffs -, have been shown to carry Leishmania parasites in Ethiopia [13, 20] of which Lemma et al. were also able to show infection was due to L. aethiopica. An early epidemiological study found infected hyraxes in three locations across Ethiopia, of which up to 27% (6/22) was asymptomatically infected with Leishmania [13] . Presence of hyraxes close to the house was significantly associated with CL [16, 21] . In Kenya, Leishmania parasites have been isolated from cutaneous lesions in hyraxes [24] . Other animals may also serve as reservoir, like a giant rat in Kenya [24] , a Kenyan goat [30] , and an Ethiopian squirrel [31] were reported to carry L. aethiopica, although the latter was found in a region where no CL cases occur, and these reports were not substantiated in other studies. Since cows are commonly bitten by the identified Leishmania vectors [13, 26] , they may also play a -yet uninvestigated -role as a reservoir.
When P. longipes was allowed to feed on lesions of CL patients in central Ethiopia (Kutaber), six out of 39 sandflies tested were carrying promastigotes seven to ten days later [13] . While humans are often considered as accidental hosts in a cycle of transmission between hyrax as the reservoir and P. longipes and P. pedifer as vectors, this suggests that transmission could also be anthroponotic. A 52% leishmanin skin test (LST) positivity rate in family members of a DCL patient also suggests there may be anthroponotic transmission [11] , although similar geographical and behavioral risk factors may also explain the high LST positivity in these people.
Although the dogma is that humans are the accidental host in a cycle of transmission between hyraxes as the reservoir and P. longipes and P. pedifer as vectors, more research into potential secondary reservoirs, the role of other sandfly species, and a possible anthroponotic transmission is needed.
Parasitology
Epidemiological and clinical studies show that CL in Ethiopia is mainly caused by Leishmania aethiopica [12, 16, 18, 21, 32, 33] , although routine species identification is rarely done. Nevertheless, cutaneous disease may also be inflicted by L. donovani, L. tropica, and L. major, which are also found in the country. A close genetic relationship between L. aethiopica and African strains of L. tropica exists [34] .
Even though several tools have been developed to detect populations and intra-species differences, so far, a correlation between the vast array of clinical phenotypes and the different parasite populations could not be demonstrated. Methods that have been developed include multilocus enzyme electrophoresis [35, 36] , restriction fragment length polymorphism (RFLP) analysis [37] , microsatellites [38] , and amplified fragment length polymorphism analysis (AFLP) [39] . The Leishmania RNA virus (LRV), which has been shown to be linked to disease severity [40] has been documented in L. aethiopica isolates collected between 1985 and 2011 as well, but a correlation with the clinical presentations could not be established [41] . Since intra-species identification has not been widely and systematically applied, the effect of the L. aethiopica genotype on disease remains unclear.
L. donovani, which causes VL and post kala-azar dermal leishmaniasis in Ethiopia, has also been isolated from cutaneous lesions in patients with HIV and concomitant VL [42] , but not from immunocompetent patients. However, in Sri Lanka L. donovani is known to primarily cause CL [43] . Taken together it is relevant to systematically identify the species, especially in Ethiopian CL patients that live in VL endemic areas.
A hybrid between L. donovani and L. aethiopica has been found in a genome-wide screening using AFLP [39] . MHOM/ET/94/ABAUYE was isolated from a cutaneous lesion in Arba Minch (south-west Ethiopia), and was originally described as a variant of L. aethiopica [37] , but AFLP revealed that about 30% of its genome is composed of L. donovani DNA. One of the methods used most in Ethiopia for species discrimination, namely RFLP analysis of the ribosomal ITS1 target [44] , can discriminate the hybrid from actual L. aethiopica, given that results are analyzed with caution. Indeed, the RFLP pattern of both species is detectable, but the L. donovani fragment is less intense, and fragment sizes are similar [45] . Together with the fact that species identification is not part of clinical practice, the importance of such hybrids is currently unknown.
Two other dermotropic Leishmania species, L. tropica and L. major, have also been observed in Ethiopia. In the Awash region in the East, L. tropica was found in rodents [46] , bats [47] , and sand flies [27] . More importantly, L. tropica was found in a CL patient [28] in northeast Ethiopia. L. major was encountered in bats in the south-west and middle of the country [47] , and in sand flies in the south [48] . To investigate their role in the epidemiology of CL, systematic species identification in patients is relevant.
Several methods are available to discriminate the four Leishmania species endemic in Ethiopia [45] . By far the most widely used in studies in the country is based upon the ITS1 ribosomal DNA target [16, 46, 47, 49] , which is best described by Schonian et al. [44] Earlier studies relied on multilocus enzyme electrophoresis [12, 18, 33, 49] . Even though ITS1 can discriminate the species complexes from the Old world, when relying on RFLP, results should be interpreted with caution (as already pointed out above for the hybrid MHOM/ET/94/ABAUYE). Sequencing of the ITS1 locus would be an alternative, even though it can be technically challenging, making it less suited for routine practice. Also, PCR primers specific for L. aethiopica have been developed [50, 51] , which could be implemented as a first line diagnostic tool to differentiate lesions caused by L. aethiopica from those caused by other species, but some of these were not validated properly for their use in Ethiopia.
In short, a more systematic screening of parasite identity in patients displaying the various forms of CL is needed to assess the impact of parasite identity on CL in Ethiopia. The species is only one factor, but equally important are intra-species differences such as the presence of LRV. Ideally, whole-genome sequencing on a large well-documented cohort from a nation-wide cross-sectional study would provide more insight into the role of the infecting parasite. Table 1 provides an overview of twenty key papers providing relevant information on the epidemiology of CL. Fig. 1 gives an overview of clinical studies that have been published describing at least five cases of cutaneous leishmaniasis in Ethiopia or caused by L. aethiopica.
Epidemiology
Prevalence of active CL ranges from 0·01 to 10·8% [13, 18] , while prevalence including past CL (suspected scar lesions) ranged from 14·0 [21] to 65·4% [52] . The population investigated for the community studies was not random. They were often villagers in towns selected because of previous CL reports [9, 11, 16, 18] , or towns where infected sandflies or hyraxes had been found [13] . The highest number of scars were reported in school children in Ochollo, which already had the highest active prevalence 40 years prior [13] . One study on the slopes of Mount Elgon in Kenya compared prevalence in villages with previous CL cases (0·55% and 1·86%) to a general survey in the area (0·01%) [18] . Unsurprisingly, prevalence of active lesions was much higher in villages known to be affected, although still relatively low when compared to Ethiopian sites. Studying prevalence of CL in sites with known cases could cause overreporting, but the one study with random selection of sampling towns (even though in a region known to be endemic for CL) still had a substantial prevalence of 6·7% [21] . For community-based studies the dots are on the (estimated) location of the site studied, while for hospital-based studies the origin of the case was reported where possible. For patients from hospital-based studies where the origin of patients was not described, the location of the hospital is indicated. An interactive version of the map can be accessed on: http://e.itg.be/saskia/. By clicking on the dots representing the studies, the first author, reference number, year of publication, name of location, type of study, case load, and name of the health facility (if applicable) can be viewed. Studies are described in detail in Table 1 . Fig. 2 . Common presentations of CL due to L. aethiopica are crusty lesions with a patchy distribution, local oedema and color changes with frequent mucosal involvement.
The LST relies on eliciting delayed type hypersensitivity in those sensitized to Leishmania, by inoculation of Leishmania extracts into the skin. It can be used to assess endemicity. A few studies have used LST in Ethiopia. Positivity for LST ranged from 5·5% in school children in an area where no CL cases were found [11] (although cases were reported from here at later timepoints) [53] to 54% [11, 12, 54, 55] in school children in Ochollo which was already known to have a high number of CL cases. Thus, prevalence of CL in Ethiopia seems high in areas that have been studied, with suggested presence of hyperendemic pockets. However, nation-wide surveys are needed to provide a better understanding of the degree of endemicity of CL in Ethiopia.
The number of males and females affected in the community-based studies were equal, while the studies based in health centers showed a clear overrepresentation of males [56] [57] [58] [59] , most likely explained by different health seeking behaviors for both sexes.
All age-groups are affected by CL, but prevalence seems to be highest in children and young adults [8, 9, 12, 13, 16, 20, 21, 53] . In Silti, where CL seems to have been introduced recently, prevalence was highest in the age group 11-20 and b11 years with 7·7 and 4·1%, respectively, with the age group 11-20 years significantly overrepresented [16] . Interestingly, all three studies from the highly endemic area of Ochollo showed that most of the patients are younger than 16 years [12, 13, 52] . In fact, 90·6% of participants said their CL lesions had appeared before the age of five [52] . It is generally accepted that resolution of primary infection leads to long lasting immunity [60] , which would explain why in highly endemic areas the age of those affected is lower than in less endemic regions since most adults will be immune. However, eight out of the 29 patients with active CL lesions had both a healed scar and an active lesion [52] , and relapse of CL was not uncommon [59] , indicating that resolution of a lesion is not fully protective against appearance of future lesions.
Clinical Features
There are three main forms of CL described in the literature on Ethiopia: Localized cutaneous leishmaniasis (LCL), MCL, and DCL. LCL is most commonly seen and usually starts with a singular lesion, which may ulcerate several months after appearance. However, many Ethiopian CL patients do not have a classic ulcer, but rather have crusty lesions with a patchy distribution, local edema, and color changes (Fig. 2) . Mucosal involvement in Ethiopian CL patients is common, which generally causes lesions to be classified as MCL, in contrast to South American MCL which is characterized by hematogenous spread years after a primary CL lesion. Clinical observations show that in Ethiopia, mucosal lesions may present simultaneously with lesions on the skin [59] , primarily on the skin with spread to the mucosa afterwards [57] , or directly on the mucosa after which it may expand to the skin [59] .
A subset of CL patients exhibits continued lesion growth which may last for decades and mostly manifests itself as DCL [6, 61] . DCL is a chronic and progressive condition affecting large areas of the skin, with multiple popular, nodular, or plaque lesions that often lack ulceration. It may resemble lepromatous leprosy [6] [7] [8] .
Other clinical forms have also been described in Ethiopia. Large hypopigmented lesions that resemble borderline-tuberculoid leprosy [62] , 'chiclero ulcer' [9] , lymphedema and/or elephantiasis [8, 61] , and leishmaniasis recidivans [52, 57, 63] , which shows a chronic and relapsing course that may persist for years and can occur both in previously healthy individuals [63] and HIV-patients [64] , have been reported in Ethiopia.
The percentage of DCL and MCL cases differs greatly per study site, as in some sites 43·5% of all cases were MCL [59] , while other sites report percentages around 10% [57, 58, 65] . For DCL a percentage of 1·7 [12] to 33·3 [20] was reported. Possibly, due to the more mutilating clinical presentations, DCL and MCL are overrepresented at the clinical sites. Nevertheless, a community-based study investigating a new CL outbreak also showed a high MCL burden of 19·2% of all CL cases [16] , and the highest percentage of DCL was actually reported from a community-based study [20] .
CL lesions are commonly seen on body parts exposed to the vector. In Ethiopia it was observed that preferred sandfly biting sites were the face and the head as opposed to the arms and hands [11] , which could explain why the majority of CL lesions is found in facial areas. Percentages of patients with primary facial lesions range from around 45 [8, 61] for studies describing DCL patients to up to 97·6 [11] in the overall CL population. Other body parts commonly affected are the arms and legs [61, 65] .
Most study sites show that CL patients commonly have only one lesion [12, 21, 32, 33, 59, 61] . However, in Ochollo, which has repeatedly been studied as a hyperendemic CL focus, the average number of scars and active lesions were 1·5 and 1·7 respectively, with up to eight lesions (both active and scar) present at a time [52] .
Data on natural evolution is limited, especially in recent studies. The few available publications indicate that LCL commonly starts healing after one year [9, 11, 12, 32, 33, 57] . Nevertheless, there is great diversity in duration of disease, as a subset of patients has a continued growth which may last for decades and mostly manifests itself as DCL [6, 7, 33, 61] .
Immunology
The Leishmania parasite primarily survives and replicates as nonflagellated amastigotes in skin macrophages and dendritic cells (DC) [66] . Unlike other intracellular parasites (e.g. toxoplasma or Trypanosoma cruzi), Leishmania does not escape from the entry vacuole but survives and replicates within the digestive environment of the phagolysome. Neutrophils can also engulf the parasites, but appear to have an ambiguous role towards parasite control across different Leishmania spp. [60] , and their role remains unknown for L. aethiopica. To counteract the evasion of innate immune mechanisms, the adaptive immune system is triggered to induce a strong Leishmania-specific response. In humans, control of Leishmania is therefore dependent upon generating CD4+ T helper (Th)-1 cells that produce interferon-γ (IFNγ), leading to macrophage activation and eventual killing of intracellular parasites through increased production of reactive oxygen species and to a lesser extent nitric oxide within the phagolysome.
CL caused by L. aethiopica is characterized by a wide clinical spectrum of disease influenced by both parasite diversity and host immune status. Different modes of macrophage killing discriminate the diverse clinical presentations, even though they share a single mechanism for resistance [60] . In general, MCL seems to be characterized by a low parasite load in an unmitigated inflammatory environment with strong delayed type hypersensitivity (DTH), cytotoxic, and Th1 responses. In contrast, DCL is defined by a high parasite load in the absence of a DTH and T-cell response, with high antibody and interleukin (IL)-10 levels.
The influence of parasite characteristics on clinical presentation was shown by limited studies from the 90s, that showed antigens derived from DCL isolates caused Peripheral Blood Mononuclear Cells from infected individuals to produce less IL-2 and IFNγ, and reduced proliferative capacity as compared to antigens derived from LCL isolates [67] . It was suggested that promastigotes from DCL patients preferentially stimulate immune suppressive activities resulting in anergy [67] , which could relate to the observed unresponsiveness to standard drug treatment in DCL patients. In line with this hypothesis, high levels of the inhibitory molecule programmed death ligand 1 (PD-L1) in stimulated monocytes (65% vs 35% in negative controls) and severe reduced levels of IFNγ and granzyme B-producing cells were observed in an American DCL patient infected with L. amazoniensis [68] . In addition, high levels of functionally exhausted CD8+ T-cells were shown in four L. mexicana infected DCL patients, as compared to LCL patients [69] .
Natural killer (NK) cells are able to provide initial protection against Leishmania parasites by production of initial IFNγ in draining lymph nodes, until a strong Th1 cell-mediated immunity is established. This was shown for L. aethiopica specifically by a set of studies in the 90s, in which non-exposed healthy Swedish individuals were able to respond to Leishmania antigen mainly by NK cell activity, compared to a dominant CD4+ T-cell response in patients with L. aethiopica infection [70, 71] . Increased NK proliferation upon re-stimulation was also seen in cured patients and negative endemic controls from Ethiopia, which was associated with enhanced CD4+ T-cell proliferation in some patients [72] . In animal models, direct contact points between Leishmania promastigotes and naïve human NK cells were found which were associated with cytotoxicity. They caused immediate destruction of the NK cells in a non-apoptotic way after initial exocytosis, leading to impaired NK cell activity during active CL [73] .
CD8+ T-cells have not been characterized in depth for CL caused by L. aethiopica, although they have been reported to promote resistance and influence disease severity across Leishmania spp. [60] Both effects may be explained by production of primarily IFNγ or rather cytolytic activity, as increased cytolytic activity promotes a pathologic inflammatory response [74] . The protective role of Th17 cells in VL development [75] is also unexplored territory regarding L. aethiopica, although human studies show a detrimental role in L. braziliensis infection [76, 77] . In contrast to mice studies, the degree to which CD4+ Th2 or regulatory T-cells mediate susceptibility in human leishmaniasis is unclear.
Despite clear immunopathological differences between clinical presentations after L. aethiopica infection, current treatment options only target the parasite. Research efforts should focus on immunotherapeutic approaches that could reduce the severity of pathology. Likewise, the impact of HIV infection on CL should be studied as HIV is a considerable problem in Ethiopia and could significantly impact immunopathology and consequently skew clinical presentations [78] .
A pool of short-lived effector CD4+ T-cells, capable of rapid response to a challenge, is maintained after control of primary infection, which is believed to protect against reinfection [60] . This argues for a non-sterile cure and the lack of knowledge on the generation of long-lived memory CD4+ T-cells is hampering the development of a successful vaccine and requires further research on the severe forms of CL caused by L. aethiopica [79] .
Diagnosis
Different methods for diagnosing CL have been employed in Ethiopia. Clinical diagnosis was mainly used in community-based and older studies (see Table 1 ). Culture on different types of skin samples and Giemsa-stained microscopy on skin slit smears have commonly been used for decades (Table 1) . Histopathology was used a lot historically, but as it requires relatively large and invasive biopsies it is now less commonly used while superficial sampling using skin slit scraping combined with microscopy has become the mainstay of diagnosis of CL. PCR has been introduced in Ethiopia in the last 10 years, first mainly for species identification [6, 79] , but later also for diagnosis [32] . New promising tests such as the loop-mediated isothermal amplification (LAMP) assay and the CL detect Rapid Test [80, 81] have not yet been evaluated in Ethiopia.
Formal comparisons of the diagnostic tests used have not been made in Ethiopia. Although several studies use multiple tests to diagnose CL, most use different patient subgroups for different respective tests, and diagnostic tests are often performed on different kinds of samples, which may also impact the parasite yield, and thus the performance of the test. Only two studies compared different tests on the same group of patients [7, 16] , but even here, it is not clear whether the two tests were done on the same sample type, and only 8 and 71 patients were tested respectively. Although care should be taken when interpreting the studies available, some preliminary conclusions can be drawn.
Skin slit smears tested with microscopy seem to be more sensitive than culture [7, 21] (although one study shows opposite results [82] ), while histology and PCR also detect a higher number of CL cases among CL suspected individuals [16, 32] . However, large scale studies evaluating the diagnostic techniques currently employed as well as new promising tests are direly needed. Ultimately, knowledge on the performance of the different diagnostic tests could result in development of a diagnostic algorithm, facilitating diagnosis at the different health care levels.
High copy number genes such as the ribosomal DNA array [44, 83, 84] , kinetoplast minicircles [85] , and the mini-exon [86] have been popular targets to demonstrate Leishmania parasites in cutaneous lesions using conventional or real-time PCR. However, application of such methods remains problematic in primary settings and are at best restricted to tertiary reference centers in Ethiopia. As point-of-care routine test, DNA extraction and PCR are too expensive, too complicated, and their turnaround time is too high. Isothermal amplification methods such as nucleic acid sequence based amplification [87] or LAMP [88, 89] alone do not solve these problems, as a simplified extraction method is also needed. Ideally, all-in-one systems combining DNA extraction and amplification should also become available for CL, similar to GeneXpert which is increasingly being used in point-of-care settings for diagnosis of tuberculosis [90] .
Treatment
A wide range of treatments has been tried against CL in Ethiopia, reviewed in [91] . Most studies on treatment of L. aethiopica are outdated, involve only few patients, and are marked by poor methodology such as the lack of a control group. Since there have been no large clinical trials, the evidence-base remains very thin. For MCL, DCL, and more complicated forms of LCL, systemic pentavalent antimonials (most commonly Sodium Stibogluconate (SSG) and meglumine antimoniate) are widely used.
Evidence from observational studies using systemic SSG indicates an efficacy of 19·2 [59] -89·5% [32] across different patient groups. However, the first study was done retrospectively, and had very high loss to follow-up, while the second documented only 20 patients. Another prospective observational study reported an efficacy of 69% for systemic and intralesional antimonials treatments combined (efficacy for systemic treatment not reported separately) [57] . Additionally, there are a few case series; three Kenyan LCL patients [92] and one of two HIV/ CL [64] patients were successfully treated with systemic SSG, while two patients with leishmaniasis recidivans (typically lesion recurrence within the edge of the scar after the initial lesion has healed) were cured with meglumine antimoniate [63] . A potential alternative systemic treatment is oral miltefosine, which is relatively safe and has successfully been used for other Leishmania species [93, 94] . Although in vitro studies indicate L. aethiopica is highly susceptible to miltefosine [95] , clinical evidence is not yet available.
Three small clinical trials have been done so far. The only placebocontrolled trial was done on LCL patients using a Chinese medical ointment called Shiunko [96] , which was not better than placebo, with cure rates of 20% (4/20) and 25% (5/20) respectively. Two small clinical trials were done over 20 years ago, using rifampicine with amithiozone versus pentamidine (LCL only) [97] and itraconazole versus placebo (10 LCL and 4 DCL) [98] , of which only all six patients treated with pentamidine and two treated with placebo clinically improved. Historically, pentamidine has been used more frequently, as it was shown to be effective against complicated CL cases in several case reports [8, 14, 15, 33] , but currently its use is rather limited due to safety concerns [33] . However, as pointed out by Naafs, pentamidine toxicity may only be linked to the pentamidine mesylate, while toxicity of pentamidine isethionate may be limited [99] . Additionally, differences in dosing of pentamidine might also explain differences in reported adverse events across studies [100] .
There are several other treatments which have been used on a small scale. Paromomycin is recommended as one of the options in the Ethiopian national guidelines, but the only evidence available is from a small case series on DCL patients [101] in which two patients were successfully treated with paromomycin. However, both relapsed and were subsequently successfully treated with an extended course of paromomycin with systemic SSG. Small studies were done using metronidazole [102] , ketoconazole [103] , and Camolar [104] , but they were not promising. AmBisome has also successfully been used for the treatment of one Ethiopian MCL patient, one Eritrean immunosuppressed man with LCL who now resided in Germany [105] , and in combination with miltefosine for another patient resistant to several cycles of systemic SSG [59] . Several other combination treatments have also been tried. A small poorly documented descriptive study [106] from Eastern Ethiopia reported that 19/24 MCL and DCL patients were successfully treated with a combination of systemic SSG and allopurinol. 14 MCL patients were treated with a combination of systemic and intralesional SSG, of which 12 were cured, while six of seven DCL patients treated with a combination of systemic SSG, intralesional SSG and cryotherapy were treated successfully.
Cryotherapy and intralesional antimonials are most commonly used for uncomplicated LCL, although evidence is limited. Three studies have reported on efficacy of cryotherapy using liquid nitrogen. Cure was achieved in 80·5% of patients in southern Ethiopia [32] , 60·8% in Addis Ababa [107] , and 92·3% in Eastern Ethiopia [106] after treatment with cryotherapy, although treatment duration varied widely and is not always reported. The efficacy of intralesional SSG alone is not described, as one study only stated that the efficacy of systemic SSG and intralesional SSG taken together was 69% [57] , while another reported that 25/26 patients treated with a combination of cryotherapy and intralesional SSG were cured [106] .
Discussion
While a substantial number of studies have been performed over the decades, a clear knowledge gap on CL due to L. aethiopica remains (Table 1) . Studies on epidemiology, parasite, reservoir, and vector are outdated and warrant contemporary systematic studies.
Where and when transmission takes place exactly are still unclear, as no nation-wide studies were done and information on Leishmania infected sandflies is scarce. Information on the national distribution of CL vectors is not properly established, since almost all sites studied were restricted to CL endemic areas. Whether sandflies are the limiting factor for transmission or whether other factors limit transmission when sandflies are abundant is unknown. More recent data on transmission as well as spread of CL vectors is vital for intervention strategies.
While most cases of CL in Ethiopia seem to be spread by P. longipes and P. pedifer sandflies and are caused by L. aethiopica, the role of other sandfly and Leishmania species in Ethiopian CL and the potential spread of CL to lower altitude areas needs to be better defined. While some sandfly species might not be directly implicated in human infections, it could well be that some (e.g. P. sergenti) maintain the cycle within the natural host.
Although hyraxes have been implicated as the reservoir, the role of humans and other animals such as cows as (incidental) hosts and potential reservoirs requires further investigation. If humans can transmit CL without another reservoir, it implicates that migration of people from endemic to non-endemic regions could lead to spread of CL into new habitats.
Why Ethiopia seems to have a relatively high burden of MCL and DCL is unclear, and the reason why a disproportional amount of CL lesions in Ethiopia are on the face is unknown. The atypical presentation of many Ethiopian CL patients and the large number of patients with primary mucosal involvement raises the need for a different classification approach.
The natural course of CL due to L. aethiopica is not properly established. The extent and duration of self-healing for L. aethiopica needs more investigation in order to decide who to treat and when to start. Treatment studies with a placebo -if deemed ethically appropriate-or observational studies in uncomplicated cases could provide insight in the natural evolution of CL due to L. aethiopica.
The different clinical presentations of CL due to L. aethiopica are characterized by clear immunopathological differences as well as parasite diversity. Whole-genome sequencing from a nationwide study could provide more insight into parasite related factors that may affect infectivity, pathogenicity, and virulence. Immunotherapeutic approaches may be used to boost the immune response and reduce the burden in MCL or DCL cases.
The most common way of diagnosing CL due to L. aethiopica uses skin slit samples with Giemsa-stained microscopy slides. However, large scale studies evaluating the diagnostic techniques currently employed as well as new promising tests are direly needed.
Various therapeutic options have been tried against CL in Ethiopia. However, most studies on treatment of L. aethiopica are outdated and defined by poor methodology, while large clinical trials are lacking. Therefore, the evidence-base is very limited. Clinical trials are sorely needed. For LCL these could compare cryotherapy, intralesional SSG, and thermotherapy, while topical treatment such as paromomycin crème should also be explored. Although systemic SSG currently remains the cornerstone of treatment for more complicated forms of CL, alternatives such as miltefosine and paromomycin require evaluation.
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